Volunteers: an Open, Randomized, Double-Blind, Single-Dose, 2-Period, and 2-Sequence Crossover Study for 2 Oral Formulations absorbed with a systemic bioavailability of 60 % minimum. The C max is reached within 1-3 h after the dose and AUC values of plasma concentrations versus time are proportional to the administered dose in the range of 8-16 mg [ 5 , 6 ] . While in circulation, most of the drug remains bound to plasma proteins (98.7 %), especially to albumin [ 7 ] . Acenocoumarol is metabolized primarily by the enzyme CYP2C9 and secondly by CYP1A2 and CYP2C19. The plasma half-life is 6.29 to 14.22 [ 1 , 2 , 5 , 6 , 8 ] . The R(+) enantiomer has higher in vivo anticoagulant activity due to its lower total plasma clearance in comparison with the S(-) enantiomer [ 1 ] . About 0.12-0.18 % of the dose is excreted unchanged in urine. The cumulative excretion of metabolites and unchanged active substance for a period of 8 days, reach 60 % of the dose in urine and 29 % of the dose in the faeces [ 5 , 6 ] . Due to the large inter-individual variation associated with genetic modifi cation, it is not possible to obtain a reliable correlation of plasma concentrations of Acenocoumarol and the appar-
Introduction

▼
Acenocoumarol is an anticoagulant drug that inhibits the action of vitamin K on the gammacarboxylation of certain glutamic acid molecules, located in the coagulation factors II (prothrombin), VII, IX, X and protein C and S in the liver. The result of this inhibition is that no blood clotting can be triggered. The drug prolongs the thromboplastin-time test from about 36 to about 72 h, depending on the initial dosage; the time is normalized within a few days of drug withdrawal [ 1 , 2 ] . Oral administration of anticoagulant drugs is one of the most employed therapies in clinical practice for prevention and treatment of patients with arterial and venous thrombosis [ 3 ] . Acenocoumarol dosage usually is ranged from 8 to 12 milligrams on day 1 of therapy, on day 2, 4-8 milligrams is given. Subsequent doses are based on prothrombin time response, and have usually ranged from 1 to 8 milligrams daily [ 4 ] . After ingestion, Acenocoumarol is rapidly
The aim of this study was to compare the bioavailability of an oral formulation of the coumarin derivative-vitamine K antagonist acenocoumarol (Acebron TM 4 mg, Test) with the reference formulation (Neo-Sintrom TM 4 mg). We performed a single-dose, double-blind, fasting, 2-period, 2-sequence, crossover study design. Plasma concentrations of acenocoumarol were determined using a validated UPLC-MS/MS method. 24 healthy Chilean volunteers (11 male, 13 female) were enrolled and all of them completed the study. Adverse events were monitored throughout the study. is bioequivalent to the reference product (NeoSintrom TM , 4 mg tablets).
ent level of prothrombin. In this respect, genetic variability associated with CYP2C9 accounts for 14 % of the variability in the pharmacological response to the drug [ 1 , 2 ] . Importantly, patients older than 70 years tend to have higher plasma concentrations, compared with young ones, when given the same daily dose [ 2 ] . A literature search does not show bioequivalence studies on this drug, only biotransformation and pharmacokinetic research were found [ 1 , 2 ] . Given the pharmacokinetic and pharmacodynamic of the drug and its importance in the treatment of diseases associated with blood clotting, it is necessary to ensure quality combined with safety and eff ectiveness of similar drugs for solid dosage forms from multiple sources. Comparable drugs should be subjected to bioequivalence studies to demonstrate that they are interchangeable with the original product. This ensures that the exchange between 2 pharmaceutical equivalents did not cause alterations in the plasma concentration at steady state, attributable to the formulation [ 9 -11 ] . 
Subjects and Methods
▼
General Reagents and Medications
The medication used were 
Inclusion and Exclusion Criteria
A group of healthy Chilean males and females aged 18-55 years with body mass index from 19 to 30 kg/m 2 , were enrolled in this study. All volunteers provided written informed consent prior to study initiation. The details and purpose of the study were explained to all volunteers. All subjects were nonsmokers and without a history of alcohol or drug use. All individuals were screened for suitability by an extensive review of their medical history, physical examination such as blood pressure and pulse, and interpretation of standard biochemical analyses (i.e., glucose, blood urea nitrogen, prothrombin time/International Normalized Ratio, creatinine, total protein, albumin, total bilirubin, alanine aminotransferase, aspartate aminotransferase, and alkaline phosphatase, drugs of abuse). Exclusion criteria included also HVI, hepatitis B or hepatitis C infection; consumption of any prescribed or over-thecounter drugs within 60 days before the study; or participation in a similar study within the past 90 days. Female subjects were not pregnant, planning to become pregnant or breast-feeding at the time of the study and were required to use an eff ective method of contraception throughout the study.
Study Design and Clinical Protocol
This was a single-dose, double-blind, fasting, 2-period, 2-sequence, crossover study design and blind bioequivalence study. The clinical protocol and informed consent for the study were reviewed and accepted by the Ethics Committee of Faculty of Medicine of the University of Chile. Participants arrived at the study site the day before the beginning of the study at 9 PM and had an evening meal before 9.30 PM. After 11-h overnight fast, subjects received a single oral dose of either the test or reference formulation of acenocoumarol 4-mg tablets with 250 mL of water. Water was allowed as desired except for 1 h before and 2 h after drug administration. There was a 7-day washout (more than 5 times t 1/2 of the acenocoumarol) between 2 periods of treatments and the all the procedures were according to the declaration of Helsinki [ 12 ] . Randomization was performed using a random number table.
The test-reference and reference-test sequences were balanced. Only the laboratory staff was blinded to treatment sequence. Subjects were asked if they suff ered from undesirable eff ects such as nausea, vomiting, dizziness, and headache. The procedures performed to the volunteers were made taking into consideration international agreements regarding the study of drugs in humans and good clinical practices according to the criteria of the FDA [ 13 ] .
Blood Sampling
Blood samples (5 mL) were collected into a tube containing 100 μL of sodium heparin (1.2 UI/μL) at 0 time (before administration), and 0.5, 1, 1.5, 2, 2.5, 3, 3.5, 4, 4.5, 5, 6, 8, 11 and 24 h (3 times t 1/2 of the acenocoumarol) after drug administration. Plasma was obtained by centrifugation at 2 000 rpm for 10 min at 5ºC. Plasma was subsequently divided into 2 aliquots which were stored as a sample and counter-sample at − 20ºC until analyzed.
Plasma Sample Preparation and Quantifi cation of Acenocumarol
To an aliquot of 1 mL plasma sample in a glass tube, 20 μL of internal standard (Warfarin, 100 ng/mL) and 20 μL acetic acid 10 % were added, then vortex-mixed briefl y and extracted with 4 mL of ethyl acetate 100 % by vortex-mixing for 10 min. After centrifugation at 3,600 rpm for 10 min, 2 mL of the organic layer were transferred into another glass tube and evaporated to dryness at 50ºC under a gentle stream of nitrogen. The residue was reconstituted with 200 μL of the mobile phase by vortex-mixing for 30 s, then it was transferred to an autosampler vial and 10 μL were taken and injected into the UPLC-MS/MS system. Plasma concentrations of acenocoumarol were determined using a new validated UPLC-MS/MS method which is an adaptation of those published by Huang et al. [ 14 ] for detection of warfarin in human plasma. Considering that warfarin has a similar chemical structure to acenocoumarol we decide to use it as internal standard. UPLC analyses were performed using an ACQUITY TM UPLC (Ultra Performance LC system, Waters, Milford, MA, USA.). UPLC separation was achieved using an Acquity UPLC TM bridged ethylene hybrid (BEH) HILIC C 18 column (2.1 mm × 50 mm, i. d., 1.7 μm). Determination was performed using a Micromass Quatro triple quadruple spectrometry detector from Waters. The mobile phase consisted of ammonia acetate adjusted to pH 6.3: Acetonitrile 
Pharmacokinetics and Statistical Analysis
Individual plasma concentration-time curves were constructed.
The maximum plasma concentration (C max ) and time were obtained directly from these curves. The elimination rate constant (K e ), half-life (t ½ ), area under the plasma concentrationtime curve AUC 0-t and AUC 0-∞ were calculated by using pK examine from STATA 10.0 software [ 15 ] . Plasma concentrations of acenocoumarol were plotted lineally and semi-logarithmically. FDA requirements were adopted for demonstrating bioequivalence between both formulations [ 16 ] . The bioequivalence could be concluded when the 90 % confi dence interval (CI) for the test/reference ratio of the means of the L n -transformed AUC 0-t, AUC 0-∞ and C max of the 2 products were within 80 % and 125 % [ 17 , 18 ] . The pharmacokinetic analyses were performed with "pK" routines to biopharmaceutical data with STATA v.10.0 software. We performed an analysis of variance (ANOVA) with pkcross proceeding and fi nally we did a bioequivalence test with pkequiv using classical interval and Schuirmann's 2-one sided tests [ 15 , 19 ] . Diff erences were considered signifi cant at p < 0.05. FDA recommendations were adopted for the design of the study and pharmacokinetic and statistical analysis [ 16 , 18 , 20 ] .
Results
▼
The bioequivalence study was conducted in 24 healthy volunteers (11 male, 13 female). Their mean (SD) age was 25 (6) 
Method validation
The mean ± SD extraction recovery levels of acenocoumarol determined at 1.5, 65, and 130 ng/ml were 96.15 % (0.1 %), 112.50 % (2.46 %) and 93.87 % (2.42 %), respectively. LOQ for acenocoumarol was 0.5 ng/mL. Linearity was achieved at a concentration range from 0.5 to 400 ng/ml, with a typical equation for the calibration curve being y = 0.5615 x + 0.6019 (r > 0.999). Intraday accuracy determined at 1.5, 65, and 130 ng/mL were 101.56 %, 106.03 % and 95.87 %, respectively. Intra-day precision determined at 1.5, 65, and 130 ng/mL were 10.34, 6.65 and 6.19 % respectively. Inter-day precision (mean ± SD) determined at 1.5, 65, and 130 ng/ml were 3.77, 3.93 and 5.34 % respectively.
Pharmacokinetics of Acenocumarol
The mean plasma concentration-time curves of acenocoumarol after single-dose administration of a 4-mg tablet of both products are presented in the • ▶ Fig. 1 , and the comparison of pharmacokinetics parameters between the 2 formulations are shown in • ▶ Table 2 . AUC 0-24 (mean ± SD) was 1 364.38 ± 499.26 ng × h/mL for the test product and 1 328.39 ± 429.20 ng × h/mL for the reference product. AUC 0-∞ (mean ± SD) was 1 786.00 ± 732.85 ng × h/mL for the test product and 1,706.71 ± 599.66 ng × h/mL for the reference product. C max (mean ± SD) of the test product was 180.69 ± 35.11 ng/mL with a T max of 1.83 ± 0.95 h and for the reference product was 186.97 ± 38.21 ng/mL with a T max of 2.19 ± 0.83 h. Finally, t 1/2 (mean ± SD) was 11.84 ± 4.54 h for the test product and 11.08 ± 3.28 h for the reference product. According to the mean plasma levels of the 24 subjects completing the study, the relative bioavailability ratio of test/reference was 1.078 on the basis of AUC 0-24 . Table 3 . 90 % confi dence intervals for the test/reference ratio using logarithmic transformed data were 97.89-100.87 %, 98.62-101.99 %, 98.64-102.38 % for C max , AUC 0-24 and AUC 0-∞ , respectively. The probability of exceeding the limits of acceptance (Schuirmann´s 2 one-side test), the p-value for the probability of bioequivalence are also shown in • ▶ Table 4 .
Discussion
▼
Bioequivalence studies make available good quality and cheaper drugs to the market contributing to a more rational use of economic resources [ 21 ] . Multisource formulations containing acenocoumarol require, according Chilean guidelines, studies to demonstrate therapeutic equivalence [ 22 ] . Therefore, we address this study to assess this issue. We did not study acenocoumarol enantiomers because measurement of individual enantiomers, in BE studies, is recommended only when all of the following conditions are met: (a) the enantiomers exhibit diff erent pharmacodynamic characteristics, (b) the enantiomers exhibit diff erent pharmacokinetic characteristics, (c) primary effi cacy and safety activity resides with the minor enantiomer, and (d) nonlinear absorption is present [ 17 ] . Therefore, even though acenocumarol enantiomers have diff erent pharmacokinetic and pharmacodynamic characteristics [ 23 , 24 ] and the racemic mixture contain equal parts of R(+) and S(−) enantiomers [ 23 ] , the primary effi cacy and safety activity resides in the R(+) enantiomer which is found in larger amount in serum. The plasma clearance of the S(−) enantiomer is 10-fold higher than the R(+) enantiomer. Therefore anticoagulation mainly relies on R(+) enantiomer despite a higher intrinsic potency of the S(−) enantiomer [ 1 , 24 , 25 ] . According to that, we concluded it is appropriate to measure concentrations of acenocoumarol in plasma using a non-enantiomer-specifi c assay.
In the present study, when pharmacokinetics parameters were analyzed using ANOVA test, non statistically signifi cant diff erences were observed between both formulations in the logarithmically transformed AUC or C max values. The results show that the confi dence intervals of log-transformed ratios for C max and AUC with both formulations were within the predetermined equivalence range of 80 % and 125 % [ 17 , 18 ] . Schuirmann's test indicated similar results with p < 0.05 for tested hypotheses. The adverse events reported were dealt without diffi culty and they were treated without drugs. Up to our knowledge, based on scientifi c literature, there are reports of several methods for determination of acenocoumarol described [ 26 -28 ] , but none of them use UPLC-MS/MS methodology and no bioequivalence studies on this compound have been previously published. Therefore, the present study shows a new rapid and sensitive UPLC-MS/MS method for determination of acenocoumarol in plasma for bioequivalence studies. This method was validated according to the FDA recommendations [ 29 ] . Our study have some limitations, particularly because the data were obtained from healthy Chileans subjects who received a single dose of acenocoumarol, therefore the pharmacokinetic characteristics should diff er from patients who receive multiple doses and from other non Chileans mestizo population because of diff erent genetic background. Despite this, we believe it is a very good reference for similar Latin American populations. Other limitation of this study could be the use of a single dose from 4 mg tablet of acenocoumarol, considering that AUC values of plasma concentrations versus time are proportional to the administered dose in a higher range [8-16mg] . Finally, similar to other oral anticoagulants, acenocoumarol exhibits a narrow therapeutic index [ 30 ] , therefore we recommend that any patient who switches between reference product and generic formulation should be carefully monitored according to the International Normalized Ratio (INR) [ 31 ] .
Conclusion
▼
The results of this study suggest that the test 4-mg acenocoumarol tablet (Acebron TM ) is bioequivalent and interchangeable with the reference product (Neo-Sintrom TM ). We did not fi nd any statistically signifi cant diff erence in C max or AUC values between test and reference formulations of 4-mg acenocoumarol tablets in our group of healthy volunteers.
